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Newport 



South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation and Contracting Out Act 1994, to sign and issue certificates on behalf of 
the Comptroller-General, hereby certify that annexed hereto is a true copy of the documents 
as originally filed in connection with the patent application identified therein together with the 
Statement of inventorship and of right to grant of a Patent (Form 7/77), which was 
subsequently filed. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Dated 9 February 2004 



An Executive Agency of the Department of Trade and Industry 
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A SEAL 



The present invention relates to a seal, in particular 
the present invention relates to a seal for relatively 
moveable members for example to a rotor blade tip seal for 
5 a fan, a compressor or turbine of a gas turbine engine. 

The performance of axial flow compressors and/or axial 
flow turbines is limited by the clearance between the blade 
tips and the casing. 

Conventionally^ an abradable lining is provided on the 
10 inner surface of the casing or onto the inner surface of a 
plurality of circumf erentially arranged shroud segments. 
The abradable lining is worn away during the initial engine' 
running to produce a minimum clearance between the blade 
tips and the casing or shroud segments. However, at 
15 maximum power there is a maximum, amount of wear of the 
abradable lining and this leads to an increased clearance 
between the blade tips and the casing or shroud segments at 
other operating conditions and hence there is a. loss of 
efficiency at cruise conditions. 
20 Considerable effort has been made to minimise this 

effect, but it can only be minimised and not removed. 

Additionally there is a requirement for a seal around 
the whole of the circumference of the casing, particularly 
for a compressor, which is not possible with shroud 
25 segments due to the leakage flow between the 
circumferentially adjacent shrouds. Also there is a 
requirement for very stiff casings to maintain their 
roundness to maintain a small clearance around the full 
circumference of the casing. 
30 Accordingly the present invention seeks to provide a 

novel blade tip seal which reduces, preferably overcomes, 
the above-mentioned problems. 

Accordingly the present invention provides a seal 
between a first member and a second member, the first and 
35 second members being relatively moveable, the second member 
being spaced from the first member, a third member being 
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positioned between the second member and the first member, 
the third member being secured to the second member or the 
' first member, the third member having at least one 
corrugation in a direction between the first member and the 
second member and at least one corrugation in a direction 
transverse to the direction between the first member and 
the second member, a lining being secured to the third 
member, the lining being spaced" from the first member or 
the second member to form a seal. 

Preferably there are a plurality of corrugations 
spaced apart in the direction between the first member and 
the second member and a plurality of corrugations spaced 
apart in the direction transverse to the direction between 
the first member and the second member. 

The first member may be a rotor and the second member 
is a stator. 

The third member may be an annular member arranged 
axially between the rotor and the stator, the annular 
member being secured to the s econd member, the annular 
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20 member having a plurality of circumf erentially spaced 
radially extending corrugations and a plurality of axially 
spaced circumferentially extending corrugations, the lining 
being arranged axially between the rotor and the annular 
member, the lining being secured to the annular member, the 
lining being spaced axially from the rotor to form a seal. 

The first member may be a shaft and the second member 
is a stator, the third member is an annular member secured 
to and arranged within the stator, the annular member 
having a plurality of circumferentially spaced axially 
extending corrugations and a plurality of radially spaced 
circumferentially extending corrugations, the lining being 
arranged radially between the shaft and annular member, the 
lining being secured to the annular member, the lining 
being spaced radially from the shaft to form a seal. 

Preferably the first member is a rotor carrying a 
plurality of circumferentially spaced radially extending 



rotor blades, the -second member is a casing surrounding the 
rotor and rotor blades, the third member is an annular 
member being secured to and arranged within the casing, the 
annular member having a plurality of circumf erentially 
5 spaced axially extending corrugations and a plurality of 
radially spaced circumf erentially extending corrugations, 
the lining being arranged radially between the tips of the 
rotor blades and the annular member, the lining being 
secured to the annular member, the lining being spaced 
10 radially from the tips of the rotor blades to form a seal. 

Preferably the third member is S-shaped in radial 
cross-section. The third member may be Z-shaped in radial 
cros s- sect ion . 

Preferably the third member is a resilient member. 
15 Preferably the third member is a thin structure. 

Preferably the third member comprises a metal sheet. 
Preferably the third member comprises steel, titanium, 
a titanium alloy or a nickel alloy. 

Preferably the lining comprises felt metal, metal foam 

20 or a porous ' sintered metal. 

Preferably there are means to measure a clearance 
between the lining and the first member or the second 
member to produce a clearance signal indicative of the size 
of the clearance', there are processor means to determine if 
25 the clearance signal is within a predetermined range of 
clearances and there are means to adjust the clearance 
between the lining and the first member or second member if 
the processor means determines that the clearance signal is 
outside the predetermined range of clearances. 
30 Preferably the means to measure the clearance 

comprises at least one capacitance sensor. 

Preferably the means to measure the clearance is 
arranged within the lining. 

The means to adjust the clearance between the blade 
35 tips and the lining may comprise at least one piezoelectric 
actuator and at least one L-shaped member, the at least one 
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L-shaped member acts on a radially inner portion of the 
annular member to move the portion of the annular member 
towards or away from the blade tips. 

Preferably the at least one piezoelectric actuator is 
5 outside the casing and the at least one L-shaped member 
extends through the casing. 

The means to adjust the clearance between the blade 
tips and the lining may comprise a ' plurality of shape 
memory alloy wires, each shape memory alloy wire extends 
10 over a circumferential portion of the radially inner 
portion of the annular member and heating means to heat at 
least one of the shape memory alloy wires to move at least 
a portion of the radially inner portion of the annular 
member towards or away from the blade tips. 

The heating means may comprise a' supply of electrical 
power and switch means, the supply of electrical power and 
the switch means being arranged to supply- an electric 
current to the at least one shape memory alloy wire to heat 
the wire. 
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The means to adjust the clearance between the blade 
tips and the lining may comprise a supply of fluid and 
valve means, the annular member being hollow, the valve 
means being arranged to allow the supply of fluid to the 
hollow annular member or to vent fluid from the hollow 
annular member to move the radially inner portion of the 
annular member radially towards or away from the blade 
tips. 

The means to measure- the clearance may comprise a 
plurality of circumf erentially spaced sensors, the means to 
adjust the clearance between the blade tips and the lining 
comprises a plurality of circumf erentially spaced actuators 
and the processor is arranged to actuate different 
circumferential portions independently or semi- 
independently to maintain a uniform clearance or other 
desired condition. 
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Preferably the rotor is a fan rotor, a compressor 
rotor or a turbine rotor. 

Preferably the rotor is a gas turbine engine rotor. 
There may be a plurality of third members between the 
first member and the second member. 

The present invention will be more fully described by 
way of example with reference to the accompanying" drawings . 
in which : - 

Figure 1 shows a turbofan gas turbine engine 
comprising a compressor rotor blade tip seal according to 
the present invention. 

Figure 2 is an enlarged cross-sectional view of the 
compressor rotor blade tip seal shown in' figure 1 in a 
plane containing the axis of the compressor. 
15 Figure 3 is a perspective view of a portion of the 

compressor rotor blade tip seal shown in figure 2. 

Figure 4 is an enlarged cross-sectional view of an 
alternative embodiment of the compressor rotor blade tip 
seal shown in figure 1 in a plane containing the axis of 
20 the- compressor. 

Figure 5 is an enlarged cross-sectional view of a 
further embodiment of the compressor rotor blade tip seal 
shown in figure 1 in a plane containing the axis of the 
compressor. 

25 Figure 6 is an enlarged perspective view of another 

embodiment of the compressor rotor blade tip seal shown in 
figure 1. 

Figure 7 is another enlarged cross-sectional view of a 
further embodiment of the compressor rotor blade tip seal 
30 shown in figure 1 in a plane containing the axis of the 
compressor . 

Figure 8 is a view in an axial direction of the 
compressor rotor blade tip seal shown in figure 2. and shows 
a bending neutral axis. 
35 Figure 9 is a cross-section in a plane containing the 

axis of the compressor at point A. 



Figure 10 is a radial cross-section in a plane 
containing the axis of the compressor at point B . 

. Figure 11 is a further enlarged cross-sectional view 
of further embodiment of. the compressor rotor blade tip 
seal shown on figure 1 in a plane containing the axis of 
the compressor. 

A turbofan gas turbine engine 10, as shown ' in figure 
1, comprises in axial flow series an inlet 12, a fan 
section 14, a compressor section 16, a combustion section 
18, a turbine section 20 and an exhaust 22. The turbine 
section 20 comprises one or more turbine rotors (not shown) 
arranged to drive one or more compressor rotors 24 (only 
one of which is shown) in the compressor section 16. The 
turbine section 20 also comprises one or more turbine 
rotors (not shown) arranged to drive a fan rotor (not 
shown) in the fan section 14. 

- The compressor section 16 comprises a compressor rotor 
24, which carries a plurality of axially spaced stages of ' 
compressor rotor blades 26. Each stage of gg gpr^W rotor 



blades 26 comprises a plurality of circumf erentially spaced 
radially outwardly extending compressor rotor blades 26. 
The compressor rotor blades 26 may be secured to the 
compressor rotor 24 by dovetail, or firtree, shaped roots 
on the compressor rotor blades 26 which locate in 
correspondingly shaped slots in the periphery of the 
compressor rotor 24. Alternatively the compressor rotor 
clades 26 may be secured to the compressor rotor 24 by 
welding or bonding, e.g. friction welding. The compressor 
rotor blades 26 may be formed integrally with the 
compressor rotor 24 by machining, e.g. milling etc. 

The compressor section 16 comprises a compressor 
casing 28 arranged coaxially with and surrounding the 

compressor rotor 24 anri all ^-f *. 

ana all of the stages of compressor 

rotor blades 26. 

A compressor rotor blade tip seal 48, as shown more 
clearly in figures 2 and 3, comprises a plurality of 
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axially spaced annular members 30 secured to and arranged 
coaxially within the compressor casing 28. The number of 
annular members 30 is the same as the number of stages of 
compressor rotor blades 26 and each annular member 30 is 
5 arranged coaxially with and surrounding a corresponding one 
of the stages of compressor rotor blades 26. 

Each annular member 30 has a radially outer axially 
extending portion 32, a radially inner axially extending 
portion 36 and an intermediate axially extending portion 34 
10 radially between the radially outer axially extending 
portion 32 and the radially inner axially extending portion 
36. A bend portion 33 extends radially to connect the 
upstream end of the axially extending portion 32 and the 
upstream end of the axially extending portion 34. A bend 
15 portion 35 extends radially to connect the downstream end 
of the axially extending portion 34 and the downstream end 
of the axially extending portion .36. Each annular member 
30 is thus generally S-shaped in cross-section in a radial 

plane containing the axis of the compressor and gas turbine 

20 engine 10. 

Each annular member 30 has a plurality of 
circumf erentially spaced corrugations 37 and a plurality of 
radially spaced corrugations 38. The corrugations 37 

extend continuously along the annular member 30 from the 
25 radially outer axially extending portion 32 to the radially 
inner axially extending portion 36. The corrugations 37 
extend generally axially along the axially extending 
portions 32, 34 and 36 and extend generally radially along 
the bend portions 33 and 35. The circumf erentially spaced 
30 corrugations 37 provide relatively low circumferential 
. stiffness to the annular member 30 to allow hoop strain as 
the annular . member 30 moves radially. The 
circumf erentially spaced corrugations 37 have greater 
amplitude on the axially extending portions 32, 34 and 36 
1 35 than on the bend portions 33 and 35 to provide relatively 
high axial stiffness. The corrugations 38 extend 
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continuously through the full circumference of the annular 
member 30. The corrugations 38 are formed by the bend 
portions 33 and 35 connecting the axially extending 
portions 32, 34 and 36 and the corrugations 38 act as 
5 flexural hinges to .provide radial flexibility and 
circumferential strain. 

Each annular member 30 has a lining 40 secured to the 
radially inner axially extending portion 36 of the annular 
member 30 and the lining 40 is arranged coaxially within 
10 the annular member 30. The lining 40 of each annular 
member 30 is spaced radially from the tips 27 of the 
corresponding stage of compressor rotor blades 26 to form a 
clearance or seal 29. 

The lining 40 is abradable -and comprises felt metal, 
15 metal foam, a porous sintered metal or a non-metallic 
material. The lining 40 may be manufactured from steel, 
titanium, titanium alloy or a nickel alloy. 

The annular member 30 comprises a thin walled 
resilient member, e.g. a metal member. The annular member 
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30 may be manufactured from steel, titanium, a titanium 
alloy or a nickel alloy. The annular member 30 may be 
manufactured by any suitable method. Preferably the annular 
member 30 is manufactured by electrof orming . Firstly the 
annular -lining 40 is formed and the lining 40 is 
impregnated with wax to give the lining rigidity. The 
lining 40 is embedded in a block of wax and the wax block 
is computer numerically controlled (CNC) ' machined to 
produce the shape of- the annular member and to expose the 
lining 40. A metal is then deposited onto the machined 
surface of the. wax block by electrical deposition process. 
This is a fast., accurate method and an intermetallic bond 
is formed between the lining 40 and the annular member 30. 

The compressor section 16 also comprises a plurality 
of. pairs of walls 42A and 42B, which extend radially 
inwardly from the compressor casing 28 axially upstream and 
axially downstream of a corresponding one of the annular 
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<• members 30.. The walls 42A and 42B are spaced axially from 

the axial upstream and downstream ends of the corresponding 
lining 4 0 by a small clearance. The radially inner ends 
4 3B of the walls 42B axially downstream of the annular 
5 members 30 are secured to the radially inner ends 43A of 
the walls 42A axially upstream of annular members 30 
axially adjacent in a downstream direction by walls 44. 
Each wall 44 carries one of a plurality of stages of 
compressor stator vanes 46. Each stage of compressor 
stator vanes 4 6 comprises a plurality of circumf erentially 
spaced radially inwardly extending compressor stator vanes 
46. 

The alternately arranged linings 40 and walls 44 
together form a smooth outer surface for the air/gas flow 
path through the compressor 16. 

In operation of the turbofan gas turbine engine 10 the 
circumferential and radial corrugations 32 and 34 of the 
annular member 30 allow sufficient circumferential strain 
to take up excessive tip clearance 29 as well as radial 
20 strain in the annular member 30 between high pressure gas 
downstream of the annular member 30 and low pressure gas 
upstream of the annular member 30. The annular member 30 
provides a pressure balance effect, which to a first order 
removes the net radial force on the annular member 30 and 
25 - lining 40, thus significantly reducing the force required 
to move the annular member 30 and hence control the 
clearance 29. 

The embodiment of compressor rotor blade tip seal 48B 
in figure 4 is substantially the same as that in figures 2 
30 and 3 but additionally comprises a sensor 50 . arranged 
within the lining 40 to measure the clearance 29 between 
the tips 27 of the compressor rotor blades 26 and the 
lining 40. The sensor 50 preferably comprises a 

capacitance sensor, capacitance sensors are capable of 
J5 operating up to 1400°C and are very accurate and reliable. 
The sensor 50 is electrically connected to a processor unit 
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61 by an electrical wire 51. A member 52 extends radially 
from one axial end of the lining 40 towards an aperture 54 
xn the compressor casing 28 to an actuator 56. The member 
52 and lining 4 0 together form an L-shaped member to move 
the annular member 30 radially. The actuator 56 comprises 
a stack of piezoelectric actuators 58 arranged in contact 
wrth a fluid filled sealed bellows amplifier 60. The fluid 
filled sealed bellows amplifier 60 acts on the member 52 t 
move the member 52 radially. The piezoelectric actuator 5 
13 P° sition ed outside the compressor casing 28 at 
position such that its temperature may be maintained below 
about 150°C. The piezoelectric actuator 58 is electrically 
connected to the processor unit 61 by electrical cables 53 
and 55. 

Preferably the annular member 30 is provided with a 
thin electrically insulating material and one or more thin 
electrically conducting tracks are ' provided on the 
xnsulating layer' to form the electric cable 51 from the 
sensor 50 _to the processor unit 61. The . electrically 
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conducting tracks simply flex with the annula7^mbe7~3^ 
and provide a simple safe way of connecting the sensor 50 
and the processor unit 61 without the electric cable 61 
being in a position where it is susceptible to damage. 

In operation the sensor 50 measures the clearance 29 
between the tips 27 of the compressor rotor blades 26 and 
the lining 40. The sensor' 50 sends a signal indicative of 
the clearance to the processor unit 61. The processor unit 
61 then sends electrical signals to the piezoelectric 
actuator 56 to decrease, or increase, the thickness of the 
piezoelectric actuator 56 in order to expand, or contract, 
the fluid filled. sealed bellows amplifier 60, which in turn 
moves the member 52 radially outwardly, or inwardly. The 
radial movement of the member 53 adjusts the radial 
position of the annular member 30 and lining 40 and hence 
controls the clearance 29. 



The embodiment of compressor rotor blade tip seal 48C 
in figure 5 is similar to that shown in figure 4 but 
differs in that the actuator 56 comprises a flexural 
amplified piezoelectric actuator, which comprises a stack 
5 of piezoelectric actuators 62 and a flexural amplifier 64. 
The flexural amplifier 64 acts on the member 52, which 
extends through the aperture 54 in the compressor casing 
28 . 

The embodiment of compressor rotor blade tip seal 48D 
10 in figure 6 comprises a plurality of shape memory alloy 
wires 66 and each shape memory alloy wire 66 extends over a 
circumferential portion of the radially inner limb 38 of 
the annular member 30. Each of the shape memory alloy 
wires 66 is connected to a supply of electricity 68 via a 
15 switch 70. The supply of electricity 68 and the switch 70 
is arranged to supply an electric current to the shape 
memory alloy wire 66 to heat the shape memory alloy wire 
66. The processor unit 61 supplies electrical signals to 
the supply of electricit y 68 and the switches 70. The 
20 processor unit 61 sends signals to the supply of 
electricity 68 to adjust the size , of the current and hence 
the heating effect in the shape memory alloy wires 66. 

The processor unit 61 may send electrical signals to 
close all of the switches 70 to heat all of the shape 
25 memory alloy wires 66 to move the full circumference of the 
radially inner portion 36 of the annular member 30 radially 
to adjust the clearance 29. 

Alternatively the processor unit 61 may supply 
electrical signals to the supply of electricity 68 and to 
30 close one or more of the switches 70 to heat one or more of 
the shape memory alloy wires 66 to move one or more 
circumferential portions of the radially inner portion 36 
of the annular member 30 radially to adjust the clearance 
29 at one or more circumferential portions. 
35 The embodiment of compressor rotor blade tip seal 4 8E 

in figure 7 comprises a supply of fluid 72 and a valve 74. 



f 



20 



25 



30 



12 

The annular member 30 is hollow and has a chamber 76.' The 
processor unit 61 sends signals to the valve 74 and the 
valve 74 is arranged to allow the supply of fluid from the 
'supply of fluid 72 to the chamber 76 in the hollow annular 
5 member 30 or to vent fluid from the chamber 76 in the 
hollow annular member 30. The supply of fluid into the 
chamber 7 6 moves the radially inner portion 3 6 of the 
annular member 30 radially inwardly to adjust the clearance 
2 9 and the venting of fluid out of the chamber 76 moves the 
10 radially inner portion 36 of the annular member 30 radially 
outwardly to adjust the clearance 29. The supply of fluid 
72 may be air from a suitable position in the compressor 
section 16 of the turbofan gas turbine engine 10. 

Other suitable actuation means may be used to move the 
15 annular member, for example a magnetostrictive actuator may 
be used as an alternative in the embodiments in figures 4 
and 5. Another suitable actuation means is an 

electromagnetic actuator, such as at least one voice coil. 
— su PP!y of hot fluid may be used to heat the shape memory 
alloy wires in figure 6 as an alternative to the electrical 
heating. The supply of hot fluid may be air from a 
suitable position in the compressor section 16 of the 
turbofan gas turbine engine 10. 

Actuation of the annular member 30 may cause 
circumferential distortion of the lining 40 if the 
compressor casing 28 is not cylindrical, symmetrical. 
Cyclic variation of the bending neutral axis and second 
moment of area in the circumferential direction may be used 
to reduce, or minimise, this distortion. This effect may 
be achieved by many suitable means well known to those 
skilled in the art. 

One possibility is to vary the relative size of the 
corrugations in the intermediate portion 34 and the inner 
portion 36 at different circumferential directions as shown 
in figures 8 to 10. Figure 8 ' shows the position of the 
bending neutral axis X relative to the annular member 30 



c 



13 

and figures 9 and 10 show different heights of the axially 
extending corrugations 37 between the intermediate portion 
34 and the inner portion 36 at each of the 
circumf erentially spaced positions A and B, different 
5 heights of the axially extending corrugations 37 of the 
intermediate portion 34 at the positions A and B and 
different heights of the axially extending corrugations 37 
of the inner portion 36 at the positions A and B. 
Other suitable types of sensor may be used. 
10 The actuation means is preferably arranged such that 

it is failsafe in the event of a loss of power to the 
actuation means. 

The advantages of the present invention are that the 
annular member has high elastic displacement in a radial 
15 direction to allow control of the clearance between the 
tips of the rotor blades and the lining and this corrects 
for distortion of the casing and transient events such as 
hot reslam. . The present invention also allows for changes 
in diameter of the rotor, due to centrifugal force and 
20 thermal growth, relative to the casing. The corrugations 
of the annular member maintain local material strain, low 
enough to avoid fatigue problems. 

The circumferential corrugations of the annular member 
allow the effective strain to be greater than the material 
25 elastic limit and this allows continuity of sealing and 
eliminating the need for segmentation of the seal and the 
use of secondary sealing. 

The radial continuity of the annular member prevents 
alternative leakage paths from high to low pressure regions 
30 eliminating the need for rubbing seals. 

The annular member provides a pressure balanced design 
and enables minimum force actuation, it is calculated that 
a SOON force around the circumference is required to 
provide a 2mm radial movement for a annular member having 
35 axially extending portions with a length of 40mm, 
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circumferentially spaced axially extending corrugations 
with an amplitude of 1.2mm. 

The axial, radial and circumferential stiffness of the 
annular member may be adjusted and/or optimised by varying 
5 the height of the axially extending circumferential spaced 
corrugations 37, the spatial frequency of the axially 
extending circumferentially spaced corrugations 37 and the 
thickness of the annular member 30. 

The annular member has low mass and allows rapid 
10 response and offers improved compressor handling by 
controlled leakage through the clearance between the tips 
of the blades and the lining. 

Although .the present invention has been described with 
reference to all of the stages of compressor rotor blades 
15 having a compressor rotor blade tip seal it is equally 
applicable if one or more of the' stages of the compressor 
rotor blades has a compressor rotor blade tip seal. 

Although the present invention has been described with 
reference to an annular member having an S-shaped radial 
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20 cross-section, Z-shaped radiaT^cross-sections, W-shaped 
radial cross-section and other suitable radial cross- 
' sections are possible as long as there . are a number of 
radially spaced circumferentially extending corrugations. 

Although the present invention has been described with 
25 reference to a single annular member secured to, and" 
supporting, the lining it may be' possible to provide a 
plurality of annular members 30 secured to, and supporting, 
the lining 40. For example if two annular members 30 are 
provided they may be arranged symmetrically around a plane 
30 Y perpendicular to the compressor axis, as shown in figure 
11. 

Although the present invention has been described with 
reference to a compressor rotor blade tip seal the present 
invention is . equally applicable to a turbine rotor blade 
tip seal or a fan rotor blade tip seal. 
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Although the present invention has been described with 
reference to a rotor blade tip seal the present invention 
is generally applicable to a seal between relatively 
rotating parts or to a seal between relatively moving 
5 parts. The seal for example may be used between a rotating 
part, shaft/rotor, and a static part, and the seal may be 
used between a reciprocating part, shaft /piston, and a 
static part with cylindrical, rectangular or polygonal 
surfaces etc . 

10 The seal may be between a shaft and a stator, the 

annular member being secured to and arranged within the 
stator. The annular member having a plurality of 

circumferentially spaced generally axially and radially 
extending corrugations and a plurality of radially spaced 
circumferentially extending corrugations. The lining being 
arranged radially between the shaft and annular member,; the 
lining being secured to the annular member and the lining 
being spaced radially from the shaft to form a seal. 

The seal may be between a rotor and a stator, the 
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20 annular member arranged axially between the rotor and the 
stator, the annular member being secured to the second 
member. The annular member having a plurality of 

circumferentially spaced generally radially and axially 
extending corrugations and a plurality of axially spaced 
25 circumferentially extending corrugations. The lining being 
arranged axially between the rotor and the annular member, 
the lining being secured to the annular member and the 
lining being spaced axially from the rotor to form a seal. 

It is possible to arrange all the embodiments 
30 described such that the means to measure the ' clearance 
comprises a plurality of circumferentially spaced sensors, 
the means to adjust the clearance between .the blade tips 
and the lining comprises a plurality of circumferentially 
spaced actuators and the processor is arranged to cause the 
35 means to adjust the clearance to actuate different 
circumferential portions of the annular member 
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independently, or semi-independently, to maintain a uniform 
clearance or other desired condition. 

In general the present invention provides a seal 
. between a first member and a second member, the first and 
second members being relatively moveable, the second member 
being spaced from the first member, a third member being 
positioned between the second member and the first member 
the third member being secured to the second member or the 
first member, the third member having at least one 
corrugation in a direction between the first member and the 
second member and at least one corrugation in a direction 
transverse to the direction between the first member and 
the second member, a lining being secured to the third 
member, the lining being spaced from the first member or 
the second member to form a seal. There are a plurality of 
corrugations spaced apart in the direction between the 
fxrst member and the second member and a plurality of 
corrugations spaced apart in . the direction transverse to 
the direction between the first member and the second 
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Claims : - 

1. A seal between a first member and a second member, the 
first and second members being relatively moveable, the 
second member being spaced from the first member, a third 
5 member being positioned between the second member and the 
first member, the third member being secured to the second 

member or the first member, the third member having at 
least one corrugation in a direction between the first 

member and the second member and at least one corrugation 
10 in a direction transverse to the direction between the 

first member and the second member, a lining being secured 

to the. third member, the lining being spaced from the first 

member or the second member to form a seal. 

2. A seal as claimed in claim 1 wherein there are a 
5 plurality of corrugations spaced apart in the direction 

between the first member and the second member and a 
plurality of corrugations spaced apart in the direction 
transverse to the direction between the first member and 
the second member. 

3. A seal as claimed in claim 2 wherein the first member 
is a rotor and the second member is a stator. 

4. A seal as claimed in claim 3 wherein the third member 
is an annular member arranged axially between the rotor and 
the stator, the annular member being secured to the second 
member, the annular member having a plurality of 
circumf erentially spaced radially extending corrugations 
and a plurality of axially spaced circumf erentially 
extending corrugations, the lining being arranged- axially 
between the rotor and the annular member, the lining being 
secured to the annular member, the lining being spaced 
axially from the rotor to form a seal. 

5. A seal as claimed in claim 3 wherein the first member 
is a shaft and the second member is a stator, the third 
member is an annular member secured to and arranged within 
the stator, the annular member having a plurality of 
circumferentially spaced axially extending corrugations and 
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a plurality of radially spaced circumferentially extending 
corrugations, the lining being arranged radially between 
the shaft and annular member, the lining being secured to 
the annular member, the lining being spaced radially from 
the shaft to form a seal. 

6. A seal as claimed in claim 3 wherein the first member 
is a rotor carrying a plurality of circumf erentially spaced 
radxally extending rotor blades, the second member is a 
casxng surrounding the rotor and rotor blades, the third 
member is an annular member being secured to and arranged 
within the casing, the annular member having a plurality of 
circumferentially spaced axially extending corrugations and 
a plurality of radially spaced circumferentially extending 
corrugations, the lining being arranged radially between 
the txps of the rotor blades and the annular member, the 
Hnxng being secured to the annular member, the lining 
bexng spaced radially from the tips of the rotor blades to 
form a seal. 

7- A seal as claimed in any of claims 2 to 6 wherein th« 
"third member xs S-shaped^TTadial cross-section. 
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8. A seal as claimed in any of claims 2 to 6 wherein the 
thxrd member is Z-shaped in radial cross-section. 
9- A seal as claimed in any of claims 1 to 7 wherein the 
thxrd member is a resilient member. 

10 ; A SSal aS clai ^d in any of claims 1 to 8 wherein the 
thxrd member is a thin structure. 

11- A seal as claimed in any of claims 1 to 10 wherein the 
thxrd member comprises a metal sheet. 

12. A seal as claimed in any of claims 1 to 11 wherein the 
thxrd member comprises steel, titanium, a titanium alloy or 
a nickel alloy. 

13. A seal as claimed in any of claims 1 to 12 wherein the 
lining comprises felt metal, metal foam or a porous 
sintered metal. 

14- A seal as claimed in any of claims 1 to 13 wherein 
there are means to measure a clearance between the lining 
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and the first member or the second member to produce a 
clearance signal indicative of the size of the clearance, 
there are processor means to determine if the clearance 
signal is within a predetermined range of clearances and 
there are means to adjust the clearance between the lining 
and the first member or second member if the processor 
means determines that the clearance signal is outside the 
predetermined range of clearances. 

15. A seal as claimed in claim 14 wherein the means to 
measure the clearance comprises at least one capacitance 
sensor . 

16. A seal as claimed in claim 14 or claim 15 wherein the 
means to measure the clearance is arranged within the 
lining . 

17. A seal as. claimed in any of claims 14 to 16 when 
dependent upon claim 6 wherein the means to adjust the 
clearance between the blade tips and the lining comprises 
at least one piezoelectric actuator and at least one L- 
shaped member, the at least one L-shaped member acts on a 
raoTially inner portion " of the annular member to move the 
portion of the annular member towards or away from the 
blade tips. 

18. A seal as claimed in claim 17 wherein the at least one 
piezoelectric actuator is outside the casing and the at 

25 least one L-shaped member extends through the casing. 

19. A seal as claimed in any of claims 14 to 16 when 
dependent ' upon claim 6 wherein the means to adjust the 
clearance between the blade tips and the" lining comprises a 
plurality of shape memory alloy wires, each shape memory 

30 alloy wire extends over a circumferential portion of the 
radially inner portion of the annular member and heating 
means to heat at least one of- the shape memory alloy wires 
to move at least a portion of the radially inner portion of 
the annular member towards or away from the blade tips. 
20. A seal as claimed in claim 19 wherein the heating 
means comprises a supply of electrical power and switch 
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means, the supply of electrical power and the switch means 
being arranged to supply an electric current to the at 
least one shape memory alloy wire to heat the wire. 
21. A seal as claimed in any of claims 14 to 16 when 
dependent upon claim 6 wherein the means to adjust the 
clearance between the blade tips and the lining comprises a 
supply of fluid and valve means, the annular member being 
hollow, the valve means being arranged to allow the supply 
of fluid to the hollow annular member or to vent fluid from 
the hollow annular member to move the radially inner 
portion of the annular member radially towards or away from 
the blade tips. 

22. A seal as claimed in any of claims 17 to 21. wherein 
the means to measure the clearance comprises a plurality of 
circumferentially spaced sensors, the means to adjust the 
clearance between the blade tips and the lining comprises a 
plurality of circumferentially spaced actuators and the 
processor is arranged to actuate different circumferential 
portions independently or semi-independently to maintain a 



~20 unirorm clearance or other desired condition . 

23. A seal as claimed in claim 5 or claim 6 wherein the 
rotor is a fan rotor, a compressor rotor or a turbine 
rotor . 

24. A seal as claimed in claim 5 or claim 6 wherein the 
5 rotor is a gas turbine engine rotor. 

25. A seal as claimed in any of claims 1 to 2 4 wherein 
there are a plurality of third members between the first 
member and the second member. ■ 

26. A seal substantially as hereinbefore described with 
» reference to and as shown in figures 2 and 3 of the 

accompanying drawings. 

27. A seal substantially as hereinbefore described with 
reference to and as shown in figures 2, 3 and 4 of the 
accompanying drawings. 



28. A seal substantially as hereinbefore described with 
reference to and. as shown in figures 2, 3 and 5 of the 
accompanying drawings. 

29. A seal substantially as hereinbefore described with 
reference to and as shown in figures 2, 3 and 6 of the 
accompanying drawings. 

30. A seal substantially as hereinbefore described with 
reference to and as shown in figures 2, 3 and 7 of the 
accompanying drawings. 

31. A seal substantially as hereinbefore described with 
reference to and as shown in figures 8 to 10 of the 
accompanying drawings. 

32. A seal substantially as hereinbefore described with 
reference to and as shown in figure 11 of the accompanying 
drawings . 



^- 22 



ABSTRACT 
A SEAL 



A turbofan gas turbine engine (10) comprises a compressor 
rotor (24) carrying a plurality of circumf erentially spaced 
5 radially extending rotor blades (26) and a casing (28) 
surrounding the compressor rotor (24) and compressor rotor 
blades (26). A compressor rotor blade tip seal- (48) 
comprises an annular member (30) secured to and arranged 
within the casing (28). The annular member (40) has a 
10 plurality of circumf erentially spaced axially extending 
corrugations (32) and .a plurality of radially spaced 
crrcumferentially extending corrugations (34). A lining 
(40) is secured to and arranged within the annular member 
(30). The lining (40) is spaced radially from the tips 
15 (27) of the compressor rotor blades (26) to form a 
clearance (29). An actuator (56) is provided to move the 
annular member (30) and lining (40) radially to control the 
size of the clearance (29) . 
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